Introduction
============

Colorectal cancer (CRC), the third most common malignant tumor in humans, is a major cause of cancer-associated mortality in the West. Metastatic tumors are present in 40--50% of patients newly diagnosed with metastatic CRC (mCRC) ([@b1-ijo-52-05-1391]), and their prognosis remains poor. The standard first-line chemotherapy for mCRC comprises a combination of fluorouracil (5-FU) and folinic acid with either oxaliplatin (FOLFOX-4 and FOLFOX-6 regimens) or irinotecan (FOLFIRI and AIO regimens) ([@b2-ijo-52-05-1391]). The first-line treatment of the anti-vascular endothelial growth factor (VEGF) mono-clonal antibody bevacizumab for mCRC has also been widely used with good effect, as shown in the pivotal AVF2107g and NO16966 trials ([@b3-ijo-52-05-1391]--[@b5-ijo-52-05-1391]). In addition, the combinations of irinotecan- or oxaliplatin-based chemotherapy with epidermal growth factor receptor (EGFR) inhibitors (cetuximab and panitumumab) are other standard first-line treatments for mCRC. A similar efficacy of FOLFIRI and FOLFOX has been shown in patients treated in this manner ([@b6-ijo-52-05-1391]--[@b9-ijo-52-05-1391]). In particular, these drugs are being investigated in terms of early tumor shrinkage (ETS) and deepness of response in unresectable-type and borderline resectable-type cancer with liver metastasis treated with anti-EGFR monoclonal antibodies ([@b10-ijo-52-05-1391]), as the CALGB/SWOG 80405 trial showed no superiority in overall survival (OS) between anti-VEGF monoclonal antibodies and anti-EGFR monoclonal antibodies ([@b11-ijo-52-05-1391]). Currently, the superiority of treatment with anti-EGFR monoclonal antibodies over that of anti-VEGF monoclonal antibodies remains confusing. The present study evaluated the possibility of proposing a novel treatment strategy for personalized medicine in which anti-EGFR monoclonal antibodies are used positively as a first-line treatment.

Patients and methods
====================

The present study included 37 patients with mCRC that was considered unresectable or borderline resectable who were confirmed to have the wild-type RAS gene. The patients underwent administration of first-line treatment with anti-EGFR monoclonal antibodies in the Department of Surgical Oncology of Gifu University School of Medicine (Gifu, Japan) between January 2010 and March 2017. Written informed consent was obtained from all patients enrolled in the present study. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and the guidelines of the regional Ethics Committees of Zurich and Basel, Switzerland, following approval by the Institutional Review Board of the Gifu University Graduate School of Medicine.

The demographics and disease characteristics of the patients were recorded ([Table I](#tI-ijo-52-05-1391){ref-type="table"}). Tumor shrinkage was evaluated according to the Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1 classifications for these 37 patients who underwent first-line treatment consisting of 6--8 courses of FOLFOX plus anti-EGFR monoclonal antibody therapy.

RECIST guideline (version 1.1)
------------------------------

Currently, computed tomography (CT) is the best and most reproducible method to measure lesions when assessing response. The RECIST guideline defines measurability of lesions on CT scan based on a CT slice thickness of 5 mm or less. When the CT slice thickness is \>5 mm, the minimum size of a measurable lesion must be at least twice the slice thickness.

Evaluation of target lesions
----------------------------

The following definitions were applied for the evaluation of the target lesions. Complete response (CR): The disappearance of all target lesions. Any pathological lymph nodes (whether target or non-target) must have a reduction in the short axis to \<10 mm. Partial response (PR): At least a 30% decrease in the sum of the diameters of the target lesions as compared with the baseline sum diameters. Progressive disease (PD): At least a 20% increase in the sum of the diameters of the target lesions as compared with the smallest sum in the study (this includes the baseline sum if that is the smallest in the study). In addition to the relative increase of 20%, the sum must also show an absolute increase of at least 5 mm. The appearance of one or more new lesions is also considered progression. Stable disease (SD): Neither sufficient shrinkage to qualify for PR nor sufficient increase to qualify for PD as compared with the smallest sum diameters in the study.

The present study also investigated the association between the predictive value of pre-chemotherapy changes in the levels of carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9), by determining whether there was a 50% drop in their values after the 6--8 courses of therapy, and the clinical outcome following the anti-EGFR monoclonal antibody-based treatment regimen.

Statistical analysis
--------------------

All data are presented as the mean ± standard deviation. Student\'s t-test, Wilcoxon\'s signed-rank test, the Kaplan-Meier method, the log-rank test and Pearson\'s product-moment correlation coefficient were used to evaluate the data to determine statistical significances. A two-sided P-value of \<0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed with SPSS 11.5J software (SPSS Japan, Inc., Tokyo, Japan).

Results
=======

The study consisted of 37 patients with mCRC (27 men and 10 women; mean age, 62.1±9.4 years). Primary tumor locations in the 37 patients were as follows: The cecum in 2 (5.4%) patients, the ascending colon in 5 (13.5%) patients, the transverse colon in 4 (10.8%) patients, the descending colon in 2 (5.4%) patients, the sigmoid colon in 11 (29.7%) patients, the rectosigmoid rectum in 5 (13.5%) patients and the rectum above-below the peritoneal reflection in 8 (21.6%) patients. Pathological types in the 37 patients were categorized as follows: 1 (2.7%) patient with papillary adenocarcinoma, 6 (16.2%) patients with well-differentiated adenocarcinoma, 27 (73.0%) patients with moderately differentiated adenocarcinoma, 2 (5.4%) patients with poorly differentiated adenocarcinoma and 1 (2.7%) patient with mucinous adenocarcinoma. Metastatic sites of the 37 patients included the liver in 29 (78.4%) patients, the lungs in 7 (18.9%) patients, the spleen in 1 (2.7%) patient, the lymph nodes in 9 (24.3%) patients and the bones in 2 (5.4%) patients. The number of metastatic sites included 1 site in 24 (64.9%) patients, 2 sites in 8 (21.6%) patients, 3 sites in 4 (10.8%) patients and 4 sites in 1 (2.7%) patient ([Table I](#tI-ijo-52-05-1391){ref-type="table"}).

Curves showing cumulative survival are presented in [Fig. 1](#f1-ijo-52-05-1391){ref-type="fig"}. The 3-year OS rate was \>60.0% in all patients (n=37). Patients receiving the anti-EGFR monoclonal antibodies as first-line treatment did not reach the median survival time. These 3-year OS data are meaningful as the OS time in a recent study reached only slightly more than 30 months ([@b11-ijo-52-05-1391]).

The OS rates for right-sided CRC compared with left-sided CRC were not significantly different (P=0.235). However, the OS rates for left-sided CRC treated with the anti-EGFR monoclonal antibodies as first-line treatment tended to be better than those for right-sided CRC ([Fig. 2](#f2-ijo-52-05-1391){ref-type="fig"}). The mean tumor shrinkage rate in right-sided CRC according to the classification of the RECIST guidelines (version 1.1) was −11.1%, whereas that for the left-sided CRC was significantly different at −54.0% (P=0.042) ([Fig. 3](#f3-ijo-52-05-1391){ref-type="fig"}). In addition, the OS rates for SD+PD compared with PR+CR were significantly different (P\<0.001) ([Fig. 4](#f4-ijo-52-05-1391){ref-type="fig"}).

The overall median tumor shrinkage rate of all patients according to the RECIST guideline (version 1.1) classification was −49.6%. The estimated median shrinkage rate in the 29 patients with CR+PR was −60.3%. In addition, the 8 patients with SD+PD did not show apparent shrinkage, with an estimated median shrinkage rate of −0.3%. Waterfall plots dividing PR+CR and SD+PD and left-sided and right-sided CRC location are shown in [Fig. 5](#f5-ijo-52-05-1391){ref-type="fig"}. Characteristics of patient who received first-line treatment with FOLFOX plus anti-EGFR monoclonal antibodies are presented by RECIST (version 1.1) response to chemotherapy according to changes in CEA and CA19-9 in [Table II](#tII-ijo-52-05-1391){ref-type="table"}.

The OS rates for patients treated with conversion therapy, which was defined as surgical therapy with R0 or R1 margins in unresectable and marginally resectable metastases, compared with patients treated with non-conversion therapy were significantly different (P\<0.001) ([Fig. 6](#f6-ijo-52-05-1391){ref-type="fig"}). In addition, CEA was suggested as a possible predictive factor for survival due to the significant 50% drop in its value (P\<0.05) following the 6--8 courses of therapy ([Fig. 7](#f7-ijo-52-05-1391){ref-type="fig"}). However, the level of CA19-9 did not decrease by 50% following the 6--8 courses of therapy, suggesting that it was not likely to be a predictive factor of survival ([Fig. 8](#f8-ijo-52-05-1391){ref-type="fig"}).

Discussion
==========

The combinations of irinotecan- or oxaliplatin-based chemotherapy with EGFR inhibitors (cetuximab and panitumumab) are standard first-line treatments for mCRC. A similar efficacy of FOLFIRI and FOLFOX has been shown in these patients ([@b6-ijo-52-05-1391]--[@b9-ijo-52-05-1391]).

The randomized phase III FIRE-3 trial, first reported by Heinemann *et al* ([@b12-ijo-52-05-1391]) in 2014, aimed to compare the efficacy of FOLFIRI plus cetuximab with FOLFIRI plus bevacizumab in 592 patients with KRAS-wild-type mCRC. A significant OS advantage was found in the patients treated with first-line FOLFIRI plus cetuximab, as their median OS time increased by almost 4 months \[28.8 vs. 25.0 months; hazard ratio (HR), 0.77; P=0.0164\]. Results from a sub-analysis that excluded patients with other activating mutations in the RAS family genes (all-RAS wild-type population) showed an increase in median OS time of 7.5-months: 33.1 months with FOLFIRI plus cetuximab vs. 25.6 months with FOLFIRI plus bevacizumab (HR, 0.70; P=0.011) ([@b13-ijo-52-05-1391],[@b14-ijo-52-05-1391]).

In the PEAK trial, 278 patients with previously untreated wild-type KRAS exon 2 (codons 12 and 13) tumors received either panitumumab plus modified 5-FU, leucovorin and oxaliplatin (mFOLFOX6) or bevacizumab plus mFOLFOX6. A pre-planned analysis of extended all-RAS genes (including exons 2, 3 and 4 of KRAS and NRAS) was also included. Despite the similar rates of progression-free survival (PFS) (HR, 0.87; P=0.353), FOLFOX plus panitumumab showed a significant advantage in in terms of OS, with a 12-month survival gain in the all-RAS wild-type population (median OS, 41.3 vs. 28.9 months; P=0.058). The present analysis is the first to evaluate the concepts of ETS and deepness of response, which were previously assessed in first-line trials that included anti-EGFR monoclonal antibodies ([@b10-ijo-52-05-1391])

Achieving tumor shrinkage may be clinically relevant when treating mCRC. Not only may it permit the secondary resection of metastatic lesions, which can provide a possible cure even in a subgroup of patients with metastasis, it may also improve or delay the occurrence of symptoms in patients with aggressive diseases and high tumor load ([@b15-ijo-52-05-1391]). In the present study, the rates of OS for conversion therapy compared with those for non-conversion therapy were significantly different (P\<0.001). This result suggests that if it is performed concomitantly with surgery, conversion therapy will prolong the OS rate.

On the basis of these results, \>1,100 KRAS wild-type patients were enrolled in the CALGB 80405 trial, and among them, 526 all-RAS wild-type patients underwent a separate sub-analysis to assess study endpoints. No advantage for cetuximab in terms of either OS or PFS could be confirmed. In particular, the median PFS time in the all-RAS wild-type population was \~11 months for the two arms (HR, 1.1; P=0.31), and the median OS time was 31--32 months (HR, 0.9; P=0.40) ([@b16-ijo-52-05-1391]).

The predictive performance of ETS is at least as good as the standard RECIST response with respect to PFS, OS and post-progression survival, and it allows for earlier assessment. Therefore, it would be extremely appealing to use this endpoint in clinical trials to expedite drug development and to potentially guide therapeutic decisions. As the surrogacy of ETS has yet to be shown at trial level ([@b17-ijo-52-05-1391]), the present study evaluated whether ETS could be a significant prognosticator of OS.

The mean tumor shrinkage rate of all patients according to the RECIST guideline (version 1.1) classification was −49.6%. The rate in the 29 patients with CR+PR was estimated to be −60.3%, whereas that in the 8 patients with SD+PD was estimated to be −0.3%, indicating no shrinkage.

CEA and CA19-9 are used as surrogate markers of predictive factors in mCRC. Although CEA is a glycoprotein present in normal mucosal cells, its elevation is observed in a number of different malignancies ([@b18-ijo-52-05-1391]--[@b22-ijo-52-05-1391]). CA19-9 was first identified as a mucin-like product in a human CRC cell line ([@b23-ijo-52-05-1391]). The importance of an elevated serum level of CA19-9 as a useful marker for diagnosing adenocarcinoma of the upper gastrointestinal tract and for monitoring colon tumors has been suggested by a number of studies ([@b24-ijo-52-05-1391]--[@b26-ijo-52-05-1391]). CEA and CA19-9 are considered to be useful as tumor markers in the assessment of prognosis, in the detection of recurrence and in the monitoring of the treatment of patients with CRC.

Prager *et al* ([@b27-ijo-52-05-1391]) first reported that the canonical biomarker CEA, a monitor of adenocarcinoma growth and treatment efficacy, may also be a predictive marker of anti-VEGF-based combination therapies in addition to its biological role ([@b28-ijo-52-05-1391],[@b29-ijo-52-05-1391]). The described effects of CEA on treatment outcome were clearly limited to bevacizumab-based treatment. In addition, Ocvirk *et al* ([@b30-ijo-52-05-1391]) evaluated CEA and treatment efficacy in a cetuximab-based cohort in comparison to a bevacizumab cohort. Negative results in the control cohort indicated that baseline CEA levels were predictive only for bevacizumab-based treatment, suggesting that for anti-VEGF monoclonal antibody treatment in mCRC, CEA may be a specific marker of response and PFS. In the present study, CEA was suggested to be a predictor of convalescence, as its level dropped by 50% following the 6--8 courses of therapy. However, CA19-9 was not suggested to be a predictive factor, as its level did not decrease by 50% following the 6--8 courses. These results were similar to those of numerous other studies ([@b27-ijo-52-05-1391]--[@b30-ijo-52-05-1391]).

It was suggested that patients with right-sided CRC had a worse rate of tumor reduction than patients with left-sided CRC. Recently, the location of the primary tumor, whether of right- or left-sided origin, has been investigated for its role in assisting in the prediction of outcomes. Median OS time with anti-EGFR monoclonal antibody treatment in CALGB/SWOG80405 trial ([@b11-ijo-52-05-1391]) was significantly different between patients with CRC of right- and left-sided origins. Specifically, OS with anti-EGFR monoclonal antibody treatment was significantly worse for patients with CRC of right-sided origin. The present study also suggested that the shrinkage rate was worse in the patients with a right-sided versus left-sided origin ([@b14-ijo-52-05-1391]). Anti-EGFR monoclonal antibodies have an effect on ETS and may improve OS in patients with mCRC. If anti-EGFR monoclonal antibodies are used for 6--8 courses, this may be useful as a predictor of convalescence. If SD is determined with treatment using anti-EGFR monoclonal antibodies, the switch to anti-VEGF monoclonal antibodies should be considered at the time of the 6--8 course, as recommended by the RECIST guideline classification (version 1.1). Anti-EGFR monoclonal antibodies are not therefore not expected to be effective as first-line treatment, but their use as third-line treatment should be considered. This concept means the re-introduction of treatment using anti-EGFR monoclonal antibodies.

Identifying prognostic molecules that can predict the effectiveness of aggressive chemotherapy to prevent tumor relapse represents a challenge for clinical practice. The 2016 European Society for Medical Oncology (ESMO) guidelines ([@b31-ijo-52-05-1391]) recommend that the best benefit-to-risk ratio can be obtained with a cytotoxic doublet plus an anti-EGFR antibody for patients with RAS wild-type disease; however, the combination of FOLFOXIRI with bevacizumab can also be considered ([@b32-ijo-52-05-1391]). The TRIBE study reported that FOLFOXIRI plus bevacizumab, compared with FOLFIRI plus bevacizumab, resulted in significantly higher response rates (65 vs. 53%) ([@b32-ijo-52-05-1391]). On this basis, cytoreduction of the disease may prolong OS and PFS times. We recently reported that the overall rate of tumor shrinkage was highest during the first 50 days after the start of therapy and gradually decreased over the next 210 days subsequent to plateauing at 105 days ([@b33-ijo-52-05-1391],[@b34-ijo-52-05-1391]). The present results indicated that the effect of anti-EGFR monoclonal antibodies plus FOLFOX on tumor size is achieved at around 3 months (6--8 courses).

Taking into consideration the present results and the evidence in the literature, we believe that patients with RAS wild-type disease should still undergo 6--8 courses of therapy with anti-EGFR monoclonal antibodies plus FOLFOX. If tumor shrinkage shows a PR, these patients should continue on this same therapy. Also, it is possible to perform conversion therapy (surgery) in patients with unresectable or borderline resectable liver and lung mCRC ([Fig. 9](#f9-ijo-52-05-1391){ref-type="fig"}).

We thus propose a novel treatment strategy for personalized medicine in patients in whom anti-EGFR monoclonal antibodies are used as first-line treatment. If the rate of tumor shrinkage indicates PD, patients with RAS wild-type disease (BRAF mutant-type) may switch to the combination of FOLFOXIRI plus bevacizumab to provide a stronger therapeutic agent. If the rate of tumor shrinkage indicates SD, these patients may be switched to therapy with anti-VEGF monoclonal antibodies plus FOLFOX to provide a maintenance dose of the therapeutic agent ([Fig. 10](#f10-ijo-52-05-1391){ref-type="fig"}).

Recent National Comprehensive Cancer Network ([@b35-ijo-52-05-1391]) and ESMO guidelines ([@b31-ijo-52-05-1391]) have recommended that anti-PDL-1 antibody treatment should be used in patients with high micro-satellite instability. Therefore, physicians should consider not only RAS-type disease, but also diseases with other individual genomic types.

In conclusion, at present in RAS wild-type patients, it is important to evaluate the rate of tumor shrinkage from the beginning of the first-line treatment until 6--8 courses of anti-EGFR monoclonal antibody administration have been completed, and it is important to determine whether conversion therapy is possible. In addition, it is important to determine whether anti-EGFR monoclonal antibodies are effective. In the case of localized liver metastasis, anti-VEGF monoclonal antibodies plus FOLFOXIRI may be used after 6--8 courses of anti-EGFR monoclonal antibodies plus FOLFOX in order to make the treatment more effective and obtain stable disease. In this case, we expect that the use of this novel strategy of anti-VEGF monoclonal antibodies plus FOLFOXIRI or bevacizumab beyond progression will be possible, and furthermore, that anti-VEGF monoclonal antibodies of the new generation, such as ramucirumab and aflibercept, will also be used. In addition, we expect that strategic treatments, including re-challenge and re-introduction with anti-EGFR monoclonal antibodies, will further prolong the OS and PFS times of these patients with mCRC.
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![Cumulative survival curves of all metastatic colorectal cancer cases (n=37). Overall survival of patients was calculated.](IJO-52-05-1391-g00){#f1-ijo-52-05-1391}

![Cumulative survival curves showing the rates of overall survival between the patients with right-sided colon and those with left-sided colorectal cancer.](IJO-52-05-1391-g01){#f2-ijo-52-05-1391}
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![Cumulative survival curves showing the OS rates for patients with SD+PD compared with those with PR+CR. Differences were statistically significant (P\<0.001). CR, complete response; PR, partial response; PD, progressive disease; SD, stable disease.](IJO-52-05-1391-g03){#f4-ijo-52-05-1391}

###### 

Cumulative survival curves. (A) The cumulative survival rate of the 29 patients with CR+PR was estimated to be −60.3%, whereas that in the 8 patients with stable disease + progressive disease was estimated to be −0.3%, indicating no shrinkage. (B) The cumulative survival rates for right-sided CRC (yellow) and left-sided CRC (purple). The results indicated that anti-EGFR monoclonal antibodies can be expected to result in an effect in right-sided CRC. CRC, colorectal cancer; EGFR, epidermal growth factor receptor.
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![Cumulative survival curves showing the overall survival rates for conversion therapy compared with non-conversion therapy. Differences were statistically significant (P\<0.001).](IJO-52-05-1391-g06){#f6-ijo-52-05-1391}

![Cumulative survival curves showing that the 50% drop in CEA level suggest it to be a possible predictive factor for survival following 6--8 courses of therapy. CEA, carcinoembryonic antigen.](IJO-52-05-1391-g07){#f7-ijo-52-05-1391}

![Cumulative survival curves showing the lack of a 50% drop in CA19-9, suggesting that it is not likely to be a possible predictive factor for survivor following 6--8 courses of therapy. CA19-9, carbohydrate antigen 19-9.](IJO-52-05-1391-g08){#f8-ijo-52-05-1391}

![A novel treatment strategy in metastatic colorectal cancer cases indicating when conversion therapy (liver and lung) is possible. Cmab, cetuximab; Pmab, panitumumab; Bmab, bevacizumab; Rmab, ramucirumab; TFTD, TAS 102; PR, partial response; CPT-11, irinotecan.](IJO-52-05-1391-g09){#f9-ijo-52-05-1391}

![A novel strategy in metastatic colorectal cancer cases indicating when conversion therapy (liver and lung) is not possible. BBP, bevacizumab beyond progression; Cmab, cetuximab; Pmab, panitumumab; Bmab, bevacizumab; Rmab, ramucirumab; TFTD, TAS 102; SD, stable disease; CPT-11, irinotecan; IRIS, TS-1 + irinotecan.](IJO-52-05-1391-g10){#f10-ijo-52-05-1391}

###### 

Characteristics of 37 patients with metastatic colorectal cancer who received anti-epidermal growth factor receptor monoclonal antibodies as first-line treatment.

  Characteristics          Value
  ------------------------ -------------------
  Sex, n (%)               
   Female                  10 (27.0)
   Male                    27 (73.0)
  Age, years               
   Mean ± SD (range)       62.1±9.4 (39--77)
  Primary tumor, n (%)     
   C                       2 (5.4)
   A                       5 (13.5)
   T                       4 (10.8)
   D                       2 (5.4)
   S                       11 (29.7)
   Rs                      5 (13.5)
   Ra-b                    8 (21.6)
  Pathology, n (%)         
   pap                     1 (2.7)
   tub1                    6 (16.2)
   tub2                    27 (73.0)
   por                     2 (5.4)
   muc                     1 (2.7)
  Metastatic site, n (%)   
   Liver                   29 (78.4)
   Lung                    7 (18.9)
   Spleen                  1 (2.7)
   Lymph node              9 (24.3)
   Peritoneal              6 (16.2)
   Bone                    2 (5.4)
  Metastases, n (%)        
   1                       24 (64.9)
   2                       8 (21.6)
   3                       4 (10.8)
   4                       1 (2.7)

SD, standard deviation; pap, papillary adenocarcinoma; tub1, well-differentiated adenocarcinoma; tub2, moderately differentiated adenocarcinoma; por, poorly differentiated adenocarcinoma; muc, mucinous adenocarcinoma; C, cecum; A, ascending colon; T, transverse colon; D, descending colon; S, sigmoid colon; Rs, rectosigmoid; Ra-b, rectum above-below the peritoneal reflection.

###### 

RECIST response to chemotherapy according to changes in CEA and CA19-9.

  -------------------------------------------------------------- -----------
  CEA change, %                                                  
   \<50                                                          15 (40.5)
   ≥50                                                           22 (59.5)
  CA 19-9 change, %                                              
   \<50                                                          25 (67.6)
   ≥50                                                           12 (32.4)
  Disease status[a](#tfn2-ijo-52-05-1391){ref-type="table-fn"}   
   CR                                                            1 (2.7)
   PR                                                            28 (75.7)
   SD                                                            6 (16.2)
   PD                                                            2 (5.4)
  Conversion therapy                                             
   Yes                                                           19 (51.4)
   No                                                            18 (48.6)
  -------------------------------------------------------------- -----------

According to RECIST, version 1.1. CR, complete response; PR, partial response; PD, progressive disease; SD, stable disease; RECIST, Response Evaluation Criteria In Solid Tumors.
